Introduction
Archaeology has often had a strange and occasionally fraught relationship to science; the discipline is often described as straddling the humanities-science divide, and many of us would not be averse to being described as social scientists. Nevertheless, on occasions and especially, perhaps, in Anglo-American archaeology, academics have sometimes tried to urge archaeological practice more forcefully in the direction of harder science, or alternatively and perhaps in reaction towards the 'softer' humanities. Such arguments have tended to be about philosophical and epistemological positions rather than methodological ones, and have their basis in the nineteenth century. For example, in 1858 Johann Droysen proposed that there were three types of systematic knowledge: the speculative, which related to the kind of knowledge produced by philosophy and theology; the mathematical or physical, grounded in logic and in empirical facts; and the historical. He suggested that these three realms of knowledge had what he called three 'essences' or characteristics: respectively, to know (Wissen), to explain (Erklären) and to understand (Verstehen). The last two roughly equated respectively to the 'hard sciences' -physics, chemistry, biology and so forth -and the 'humanities'. The social sciences including archaeology can, however, be seen to partake of both 'essences'. Archaeology is an unusual discipline in drawing on both types of 'knowledge' and their associated theories more or less equally and in an internally-integrated manner; other disciplines such as geography, for example, have ended up with divisions which more or less equate to these distinctions, with physical and human geography. The history of archaeological theory and indeed its disciplinary culture and even status can thus in part be characterised as leaning towards one side or the other -towards science or the humanities for its inspiration.
As usual, though, the picture was and is more complicated: archaeologists are perhaps better described as theoretical magpies. Archaeologists of any persuasion routinely use statistical analysis and scientifically obtained environmental data, for example. In the Anglo-American world, 'scientific' New and processual archaeologists were interested in social and cultural phenomena, and not just in explaining energy extraction from the environment. Scientific methodologies and procedures and data are important to all of us; the necessity to be something of a jack-of-all-trades, having to be aware of isotope analysis and cultural theory, Bayesian modelling and social anthropology, is what makes the discipline particularly challenging. It has therefore been interesting to observe disciplinary reactions when a new and undoubtedly scientific technique from a hitherto unrelated discipline, which I shall here call 'genetics', came to impinge on archaeological understandings of the past. This seems to have been a particularly divisive area, particularly in addressing the question of the Mesolithic-Neolithic transition, primarily in Europe, and which I shall use as my case study in this paper. By and large, archaeologists were hostile to the outcomes and apparent implications of relevant genetic research: very few archaeologists embraced the genetic data (and controversial 'evidence' from linguistics) with fervour. Equally, geneticists often appeared as though they considered archaeological data irrelevant for studying the prehistoric past. Why should this be? After all, this particular relationship started as collaboration. In this paper I will mainly examine some of the rhetoric and practices associated with this debate as a way of considering whether there are, despite archaeology's hybrid position, fundamentally different disciplinary cultures involved. I shall conclude by looking at some of the implications for methodologies -not for genetics or molecular biology, which I am totally unqualified to offer -but rather ways of collaboration and means of approach.
Genetics and archaeology
Thirty five years ago (and subsequently elaborated in detail), Albert Ammerman and Luigi-Luca CavalliSforza (1971; 1973; 1984) presented an interesting idea relating to a potential new source of evidence about the spread of farming in Europe. Discussing the apparent rate of spread of the Neolithic, and explaining this through an initially exogenous population expansion associated with early farming in Europe, they mentioned the 'possible genetic implications of the model'. (Ammerman and Cavalli-Sforza 1971.687) This was -and is -a powerful idea. Since that time there has been a huge amount of genetic data and analysis published which is often stimulating, which has undoubtedly raised new questions and perhaps offered new insights, through looking not just at overall genetic frequencies of classical markers such as blood proteins, but subsequently also at different regions and sites within the genome, and suggesting genetic histories -phylogenetics -and putative dates for mutations and haplotypes, and consequently histories of haplogroups; and of differences between female-inherited (mtDNA) and male-inherited (Ychromosome) genetic material, for example. For the purposes of this paper, though, it is worth noting that the question as posed initially by Ammerman and Cavalli-Sforza was primarily an archaeological question: genetic information, it is suggested, may be able to illuminate the process of transition, given certain primarily demographic conditions. The demographic modelling was in part based on ethnographic data relating to hunter-gatherer and small-scale farming societies.
Since then, and especially since the 1990s, the discipline of what some call 'archaeogenetics' (Renfrew 2000.3) has seen the production of large numbers of datasets and numerous interpretations in relation to the transition to and spread of farming, especially in Europe, as well as much evidence related to migratory population movement elsewhere -Polynesia and the Americas in particular (see e.g. Jones et al. 1999; Renfrew and Boyle 2000) . So far, these datasets have been derived primarily from modern populations, and the information explored in terms of their phylogenies -the genetic histories -and modern spatial distribution. Ancient DNA, which would appear to offer much more specific information from individuals and groups of individuals who can be placed, culturally-situated and dated archaeologically, is rarely sought, mainly because of the potential problems of identifying contamination (but see e.g. Chandler et al. 2005; Haak et al. 2005) . This is not the place to explore the use (and abuse) of such data in detail: but see Mirza and Dungworth 1995; Fix 1996; Pluciennik 1996 , Sims-Williams 1998 MacEachern 2000; Zvelebil 2000; Bandelt et al. 2002) . There has been a persistent and major problem of the conflation of genetic, linguistic and cultural 'entities' and (pseudo-)archaeology, with the assumption that these forms of biology, culture and identity almost inevitably go together (see Moore 1994; Terrell and Stewart 1996) , at least until 'modern' times.
I would suggest that archaeologists already 'knew', and certainly by the 1980s, that the process of the Mesolithic-Neolithic transition in Europe was complex socially, culturally and therefore almost certainly, biologically. However, one gets little sense of this from looking at the genetic literature, until very recently. And even here the methodology seems, to many archaeologists, rather upside-down. ' We would argue that it would be worthwhile to turn the scientific procedure around', argued Pinhasi et al. (2000. 55) . That is, the apparent injunction to start with a simple model -even though obviously, archaeologically-speaking, wrong -is presented as a methodological necessity. In the case examined here, it is that the spread of farming represents either population expansion by genetically-distinct farmers, or the adoption of farming by genetically distinct foragers.
To be fair, a few later publications -led by archaeologists -have asked whether the genetic and other biological signatures supported archaeological interpretations on a regional scale (e.g. Lalueza Fox 1996; Jackes et al. 1997; Pinhasi and Pluciennik 2004; Chandler et al. 2005) . Another and arguably more productive approach would be, for example, to model the relevant genetic histories in terms of archaeological understandings of the processes involved (in the plural!), and at least ask what kinds of genetic outcomes we might expect. Yet after 20 and more years of research, this kind of question is apparently only now beginning to be asked. It is these kinds of intellectual propensities and resistances which suggest that at least some of the tensions between 'archaeological' and 'genetic' explanations of the Mesolithic-Neolithic transition are best explained as matters of disciplinary preferences and traditions of thought and practice; that is, of culture.
The great divide
One of the striking aspects of the relevant literature is that for a very long time the 'archaeology' was swept aside and the debate was very largely driven by the genetic data -and hence, de facto, by the geneticists. This was so even though we had here a potentially powerful new set of techniques for saying something about the past, although exactly what they 'say' certainly is not yet clear. Thus in relation to the Neolithic in Europe (the area where many of the best data sets tended to come from), the approach in the publications basically became a question of supporting (or much more rarely disagreeing with) this model of 'demic diffusion'. Even in a recent review, this is still how the question is characterised: 'The primary issue remains whether agriculture spread by contact or by farmers moving into Europe' (Armelagos and Harper 2005.109) . So powerful was this drive that some archaeologists, too, decided that the 'truths' of genetics were more plausible than those suggested by the archaeology. The debate became strongly polarised: in general, geneticists (and a few others) accepted the 'fact' of demic diffusion and published evidence which apparently supported it. Meanwhile, many archaeologists had been moving just as strongly away from demic diffusion models and were increasingly arguing for the Mesolithic-Neolithic transition as a highly variable socio-cultural phenomenon (including demographic and other biological processes) on the regional, let alone the continental scale (Zvelebil 1986a; Price 2000) . But they were not -and I include myself here -engaging with geneticists through collaboration and joint publication; instead, there were critical papers and conference sessions in which archaeologists were primarily talking to archaeologists, in the same way that geneticists were primarily writing for and speaking to other geneticists. Thus there were a series of papers, referred to above, critical of genetic interpretations which by and large ignored the archaeology and continued to confuse and conflate biological constructs -genetic histories -with social entities, including linguistic and ethnic groups and names.
This polarisation is seen in Table 1 . Here some papers by geneticists and published primarily in journals in that discipline in the 1980's and 1990's are summarised. The fact that these are generally multiauthored is, of course, itself an aspect of disciplinary culture: the convention is for entire laboratory teams to be named as authors. More interesting, perhaps, is the fact that archaeologists were rarely involved in producing these papers: their 'contribution' was limited to a very few items (and those often out of date) cited in the bibliographies. There were notable exceptions: I would single out Martin Richards (see this volume), and also note that where archaeologists were involved (such as Colin Renfrew) appropriate archaeological and other citations were frequent, various and up-to-date. Nevertheless, the widespread problem amongst geneticists of their ignorance of socio-cultural processes and archaeological interpretations and debates -or perhaps the failure to see their possible relevance -is best epitomised by the astonishing paper by Robert Sokal and colleagues. Rather than seeking archaeological advice, he preferred to use a 'European ethno-history database, developed in our laboratory' which 'documents the known locations and movements of 891 ethnic units over the last 4000 years' (Sokal et al. 1993.56) . The database purported to 'list the name of a "gens" or tribe (or that of an archaeological horizon in the case of prehistoric records...)' (Sokal et al. 1993.57 ).
Thus, even though Renfrew (2000.3) claimed that the new discipline of archaeogenetics involved 'the study of the human past using the techniques of molecular genetics', it tended to be a very partial view. Renfrew continued: 'In practice this is likely to involve the collaboration of molecular geneticists with archaeologists, anthropologists, historical linguists and climatalogists'. But so far and despite the integrative work of Renfrew and other grand theorists such as Peter Bellwood (Bellwood 2001; 2004; Bellwood and Renfrew 2002; Renfrew 1992; 1997) and indeed Cavalli-Sforza himself (1996) , such collaboration has not been substantiated, at least in terms of joint authorship, with rare exceptions (e.g. Barbujani et al. 1994) . Indeed, even in the volume Archaeogenetics itself, the division between papers by archaeologists, and papers by geneticists, is as strong as elsewhere.
Many other similar papers have been published, of course: those summarised in Table 1 are merely a selection of those claiming to deal explicitly with an archaeological issue, namely the transition to farming in Europe, or occasionally, the late Palaeolithic recolonisation of post-Last Glacial Maximum northern Europe. These latter are included because they often discuss the 'Mesolithic' and 'Neolithic' input as compared with 'Palaeolithic' contributions to gene pools. Also excluded are those papers which only allude to possible 'prehistoric scenarios' in passing, and are primarily methodological or papers descriptive of genetic data, and for which the audience will be other geneticists. Other papers not included here examine the supposed relationships between genes and languages. While one could show a similar table for relevant papers written by archaeologists, it would not be so informative. Inevitably, there were up-to-date references for genetics papers (because that is what they were criticising), but (apart from those of Ammerman and Cavalli-Sforza) there were virtually no joint cross-disciplinary papers in the 1980s and very few in the 1990s, but more in the last five years and other evidence of efforts to bring archaeologists and geneticists together (e.g. Bentley et al 2003; ESF 2004; Gamble et al. 2005; this volume) .
Apart from the methodological and epistemological facts of the matter, we should also be interested in this as a socio-political phenomenon. Why did the 'debate' unfold in the way that it did? Where are we now? And where we might realistically look for synergies between archaeology and genetics?
Rhetoric and politics
There are other contexts for this, which perhaps also suggests that other more subtle socio-politics are playing a role here. First of all, we can note that of the broadest set being examined, the most high profile archaeogenetics papers and the greatest volume Piazza 1993) . Were this archaeology, one might argue that this focus also relates to the continued influence of stadial social evolution, and hence on apparent moments of transition understood as radical change. In archaeology these biases have at least been considered and critiqued, while geneticists, in a different tradition, typically, are not necessarily au fait, or used to dealing with such political and critical issues of structures of thought and narratives. However, it seems that within genetic studies the more likely explanation is that, to begin with, at least, the methodological need to distinguish between populations led to and maintained the focus on the 'new' or distinctive, genetically speaking.
Other factors
In the late 1980s Ammerman (1989) 1992) . Whatever one's view about the influence of politics on archaeological interpretations, no such doubts assailed many looking at demic diffusion from the genetic point of view. The important thing about the Mesolithic-Neolithic transition was the incoming, novel populations: the interest was in the 'contribution' of farmers, a bias which has been noted in the construction of modern European identities (Zvelebil 1996) . Thus presentations tended to be couched in terms of Neolithic (or IndoEuropean) immigrants, rather than of mixing, or hybridism. This was so when estimates of the 'Neolithic contribution' through a 'wave of advance' were higher than the consensus is now -in Cavalli-Sforza et al's famous map obtained from Principal Components Analysis it was suggested that the Neolithic contribution to the gene pool might be of the order of 28% (Cavalli-Sforza et al. 1994.291) . Subsequently revised downwards, most genetic models now suggest a 'Neolithic' genetic contribution of perhaps 15%-20% on the continental scale (Richards 2003; but see Barbujani and Dupanloup 2002; Chikhi 2002) . This initial estimate was in marked contrast to archaeological interests and, indeed, models developed over the same period (e.g. Zvelebil 1986b; Gronenborn 1990; 1999; Skeates 1994; Zilhao 1993) , all of which suggest marked variation in the nature of 'Neolithic' distribution, although authors do not necessarily agree on the form that it took). Nevertheless, even on the the basis of the earlier figure it is clear that the overall 'Neolithic' contribution was a minority, regardless of whether other 'contributions' derived from earlier or later demographic and genetic events and processes. It is less certain whence this apparent bias towards farmers derives. One argument would be that from a genetic point of view researchers were, as a matter of practical methodology, necessarily looking for markers of change (understood as some form of colonisation), and that the underlying substrate (equated with indigenous and relatively static Mesolithic populations) was simply less interesting. Work on mtDNA, in fact, subsequently raised the question of the genetic impact of late Palaeolithic re-colonisation. Nevertheless, it is interesting to note (assuming the 20% figure is roughly correct) that, inadvertently or not, such a focus on the impact of the 'new' is a continuation of long-established culture historical interpretations: the role and identification of colonisers and invaders assumes priority over processes of cultural hybridism and mixing. More generally, for archaeologists, periods of non-migration or colonization (or demographic or other forms of stability) are just as interesting as any other.
The present scenario
It seems to me that in relation to the Mesolithic-Neolithic transition, the way that this source of informa-tion has been utilised has not been a happy one: there appear to have been a series of lost opportunities especially throughout the 1990s. Unfortunately, I am unable to engage in debates about the best way to model and (re)construct phylogenies, and the relationship they have to demographic processes. But it is noticeable that from the 1980s onwards, the consensus in archaeology about the Mesolithic-Neolithic transition has been that this process, or rather this set of processes, was highly variable in time, space, tempo and nature; and that demic diffusion as originally defined was probably always only part of the answer in specific locales. Thus it is arguable that archaeologists and others should collaborate in modelling the production of genetic diversity relating to this period by
• Identifying relevant demographic, biological, social, and cultural processes on a variety of regional and temporal scales; • Identifying potential variability in parameters;
• Considering the problem of equifinality (and lack of resolution in genetic data); • Discussing the limits of resolution, and identifying appropriate techniques and modelling; • Modelling potential genetic outcomes.
It is surprising that no-one was doing at an earlier stage in the development of 'archaeogenetics' what Ammerman and Cavalli-Sforza set out to do in their initial model: namely, this is what the archaeology (in their case, the radiocarbon dates) suggests might be happening in this period; these are the kinds of cultural (and demographic, and social, and biological) processes: what might the genetic outcomes of these kinds of small-scale, regionally variable biological and demographic processes be like? A similar plea was made by three archaeologists (or physical anthropologists) at the conference from which the Renfrew and Boyle Archaeogenetics volume derived: "Instead of generating historical hypotheses from the present genetic patterns, and trying to fit the archaeological record onto these, it would be useful to build hypotheses from the actual record of the past in time and space, which could then be tested with genetic data." (Pinhasi et al. 2000.55) But although many of us were critical of many of the assumptions associated with the wave of advanceor at least its continent-wide application -none of us went on (or was able to) develop [in collaboration!] the kinds of models that were actually required to make 'sense' of much of the genetic data. Zvelebil (2000) described the variety of relevant potential processes and problems with genetic approaches, but could not be expected to deal with the genetic aspects of population modelling.
Perhaps one reason for this lack of explanation (or interpretation) of the genetic data as the result of complex processes is simply the difficulty of conceiving and producing such models. It is also part of a wider disciplinary cultural difference: the use of binary logic to begin an explanation or modelling process (either p or not-p; either demic diffusion or adoption). But even though much has changed in attitude at least over the last five years or so, the underlying problems remain. For example: Currat and Excoffier (2005) We find very similar phrases used by Dupanloup et al. (2004) , but again working on the effects of 'admixture' on a continental scale:
"In the future, it will be important to incorporate detailed archaeological information into the population models, so that the assumptions will become both more complicated and more realistic." (Dupanloup et al. 2004 (Dupanloup et al. .1370 It is a rather sad commentary on academic communication that it appears to have taken some twenty years to reach this conclusion.
Discussion
This raises a whole series of other questions. One of which is: even if such detailed archaeological information were incorporated, what effect might it have on our archaeological interpretations? That in turn suggests another: what is it that we, as archaeologists, are interested in, what kinds of phenomena? Clearly, demographic processes per se are only a part of the answer -it is cultural and social process (which, of course, incorporates demographic and other biological factors and outcomes). There remain, as described above, marked cultural differences between 'sciences'; as a social science looking at and interested in primarily social phenomena, archaeology always deals with the already complex; to apply 'harder' science criteria to cultural processes is often unhelpfully reductionist. Archaeology is very much a mixture of disciplines, methods, techniques and approaches. Pinhasi & Pluciennik (2004) also examined the mesolithic-neolithic transition in southern Europe using relatively 'hard' data (skeletal morphometrics), which is partly related to genotypes and gene frequencies. However, we suggested that such data are rather another point of triangulation in the complex debate about some aspects of the demographic and cultural processes in this period of prehistory. It is a necessarily woolly picture. In that paper we wrote: (Pinhasi & Pluciennik 2004.74) What does seem to tell us much more of interest as archaeologists is when we can start talking with some degree of certainty about regional and local processes, whether through excavation, dating, or combinations of such things as genetic and skeletal isotope and archaeological information (e.g. Bentley et al. 2003) . This is because larger continental or even global phenomena are emergent from and dependent on the local. The global usually does not necessarily tell us that much of interest on its own, although it may also give us a framework; we need at least to tack back and forth between the local and 'global' to answer the kinds of questions about cultural shift and social change with which many of us are concerned. Genuine archaeogenetics must be informed by the archaeological, just as the archaeological should draw on the genetic.
There remain problems of chronological resolution and scale. For much of prehistory we are often constrained to discuss general, structural, relatively longterm change (in settlement patterns, in modes of exploitation, in patterns of material culture, in belief systems as evidenced in burial practices, and so on); however, we can and often do illuminate these structural shifts by tightly-constrained contexts (in duration and location) which act as snapshots of practices at a particular place and time. We have the macroscale and we have the micro-scale; what archaeology often finds difficult is the meso-scale, at which much social change could be argued to manifest itself most clearly.
When, however, we look at the dating of events -demographic or genetic -drawing on strictly genetic data, we are even less likely to be able to discuss meaningfully events or processes in socio-cultural terms, simply because the standard deviation associated with such 'molecular clocks' is much greater even than that associated with radiometric dating. And in any event, even if, say, mutations can be dated, it does not necessarily help an understanding of the subsequent process of geographical and biological dispersal on the kinds of scales with which we are concerned for socio-cultural processes. Similar issues arise from the lack of spatial resolution. I would suggest that it is still the case that we cannot discuss prehistoric demographic 'events' in a meaningful social scientific (rather than biological) way, certainly not from modern genetic data. The kinds of resolution which might help us as archaeologists to discuss the socio-cultural and biological processes in the past might be available from palaeogenetic data (especially if allied with other techniques such as isotope analysis), but so far there are simply insufficient surviving samples of old DNA, and I suspect that (archaeo)geneticsts have also found it easier and more profitable in the academic sense to work through the much more accessible modern data. This perhaps suggests that we have sometimes asked the wrong questions, and that we should be able to use this new data source in more illuminating ways than simply in terms of the old dichotomies of colonisation and adoption in which both geneticists and some archaeologists seem to be entrapped. The potential use of genetic data in conjunction with archaeological, and in this case other palaeoclimatic evidence is admirably demonstrated by Gamble et al. (2005) discussing the archaeology of Late Glacial (re)colonization. Although the methodologies will not be the same for the early Holocene and the Mesolithic-Neolithic transition, there are equally relevant 'databases' which can be used to investigate questions of population history and human and cultural dispersals and shifts.
Conclusion
There has been a welcome shift from the description and exploration of genetic data sets (e.g. genetic structure of Europe) to interpretations of 'real world' history. But this is still a limited focus, from an archaeologist's point of view, on demography and biological history and structure, which is perfectly understandable, and also interesting and relevant, but also only part of the kinds of histories we are interested in. For various reasons, the intellectual investment by some (archaeologists and geneticists) in modelling or explaining 'the Neolithic' as demic diffusion has proved a hindrance. As Gamble et al. note (2005. This paper has been an attempt to understand why genetic data have been presented in the way that they have in the debate on the Mesolithic-Neolithic transition; and to discuss some problems of crossdisciplinary communication and the effects of different disciplinary aims and cultures. Is it just that genetics is too large, too self-sufficient, too complex a field? Or is it that 'archaeogenetics' was initially an interesting sideline to most geneticists, and the historical (or socio-cultural) side was simply not worth the intellectual investment? Or is it that (anthropologically-trained) archaeologists have in the main found it difficult to engage with the data and implications of the methodologies -such as the modelling of population genetics and molecular biologyat the level of detail required? If geneticists may have been disappointed in the inability of most archaeologists to be able to engage at the technical/methodological level, on the archaeological side such frustration and even resentment was compounded by the lack of consultation from geneticists and the minimal or dated use of archaeological data, publications and relevant theory. Equally, geneticists may have found the comparatively slow productivity of archaeologists and relevant archaeological data irritating: anecdotally, Cavalli-Sforza was said to want to stop working with archaeologists because they took so long to produce results, as compared with genetic analyses. National and international disciplinary expectations (surely compounded by exercises such as the UK government's system of measuring and rewarding research output, or similar systems in other countries such as citation counts), really do structure different norms of activity, especially across very different disciplines, and what it is intellectually worth 'investing' in. Such barriers are likely to be particularly high at the inception of a new and initially unrelated technique/approach.
Nevertheless, we have to find ways of not just talking to, but communicating with each other in meaningful ways in which we can all start to understand the challenges and limitations as well as possibilities of new methods and ideas. Genetics is, of course, also a continually changing field, with new data and new techniques continually being produced, explored and refined. We certainly have not reached the limit of what genetics can tell us about some past processes. Such studies also often act to stimulate new archaeological approaches and interpretations, or suggest boundaries to existing explanations, and this will continue to happen. Archaeology is an especially multi-disciplinary practice; genetics will for the foreseeable future be one of a battery of techniques, approaches, ideas and datasets that we will incorporate into our interpretations.
